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ABSTRA.CT 


Polar 3 (a Nike -Tomahawk) was launched from the Andjz^ya Rocket Range 
in northern Norway on January 27, 197^. Traversing nearly 3° of latitude 
the rocket crossed ever a stable IBC II auroral arc in the positive bay 
region and continued north to a convection boundary which has been 
identified as the Harang discontinuity. Measurements of the complete 
electric field vector, of energetic electrons and of the auroral Ng 
(4278 1) and 01 (6300 1) emissions have been used to study the convection 
topology in the pre -magnetic -midnight region. The electric field was 
mainly northerly (about 6o mV/m south of the auroral arc and 20 mV/m or 
less elsewhere) over most of the flight, rotating to the west in the 
region of the Harang discontinuity. No evidence of electric fields 
parallel to the magnetic field was seen throughout the flight. A strong 
anticorrelation was observed between the electric field and the precipi- 
tating energetic electrons as the rocket passed over the auroral arc. 

The inverted V nature of the electron precipitations at the convection 
boundary, compared with the lack of such structure over the arc which 
was within the positive bay region, leads to the conclusion that auroral 
arcs are likely to be associated with inverted V type precipitation 
only at or poleward of convection boundaries and their eddy structures. 


I , Introduction 


Electric field measurements from which all three components can he 
obtained have been rare (see Kelley et al., 1975). For this reason 
comparisons of electric fields and other relevant auroral parameters have 
generally been limited to where only one component of the electric field 
is known or where the electric field vector within the spin plane of a 
rocket is known. From such comparisons anti- correlation of electric fields 
and precipitating particles have sometimes been observed (i.e. Aggson, I969 
Maynard et al., 1973) and sometimes not observed (i.e. Mozer and Fahleson, 
1970). ’’Inverted V" structures of precipitating particles (Frank and 
Aekerson, 1971) have been correlated with electric field boundaries or 
reversals (Frank and Gurnctt, 1971) and with auroral arcs (Ackerson and 
Frank, 1972). 

In addition, an overall picture of the high latitude, electric field 
driven convection patterns has evolved from various measurements of 
electric fields (Ba'*' releases, single axis double probe measurements on 
satellites, double probe measurements on rockets, ground backscatter radar 
measurements, etc.). Near magnetic midnight the negative bay region over- 
laps the positive bay region on the poleward side. The electric field 
changes from basically northerly in direction in the positive bay region, 
through the west, to a southerly direction in the negative bay region as 
one crosses this boundary called the Harang discontinuity (see Maynard, 
197^). In the vicinity of this boundary details of the electric field are 
sketchy due to the lack of coii5)lete knowledge of the electric field vector 
in previous measurements. 
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A sounding rocket launched in a northerly direction at low 
inclination can he used to provide a spatial profile of parameters 
across several degrees of latitude. In this paper we report on results 
from electric fields auroral particle and photometer (optical) measurements 
over nearly three degrees of latitude in the positive hay region near 
magnetic midnight* The overall topology of the electric field and 
particle precipitation and its relation to the auroral conditions as seen 
from the rocket and the ground will he presented. A companion paper 
(Evans et al.j 1976) will explore in more detail the ionospheric effects 
of the relationship between precipitating particles and electric fields 
in the vicinity of a IBC II auroral arc. 

II. Flight Performance 

Polar 3 (a Nike-Tomahawk) was launched at 19:08:46 GMT on January 
27, 1974, from the Andjz(ya Rocket Range in northern Norway (69^^ 17' 4o" N 
and 16° 01' 22" E geographic). A low launch elevation (72°) resulted in 
a large horizontal flight range. 'Between traverses of the 100 km altitude 
level 2.9° of latitude were crossed. Apogee was at 242 km. The trajectory 
was ohtained using data from a tone ranging system. A gjrroscope reference 
platform measured the attitude of the rocket with an accuracy of between 
1 and 2° considering errors both from the gyro and mechanical misalignment. 
Final spin and precession periods were 1,975 and 154 s, respectively. 

The flight traversed over a "stable" auroral arc to the north of 
Andj^ya with an intensity of IBC II. Magnetic local time was 22.0 
hours at launch; hence, the flight was likely into a positive bay type 
pre-magnetic-midnight condition, A more comprehensive discussion of the 
auroral and magnetic conditions is found in Section III. 
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I’he instement complement included a two axic electric iUeld 
meacurement (capable of resolvine al3. three coji^onentc) , low energy 
particle detectors (channeltrons covering electrons from <0.1 to 16 keV), 
tilting narrow bandwidth photometers covering the (4278 a) and oi 
(6300!) emissions, and a Langmuir probe for electron density measureraent , 
Data from the first three instruments will be presented here. 

II 'u Ground Observations 

Figure 1 shows three all- sky photos taken from the launch site at 
4o, 24o and 44o s during the flight, The basic arc structure which at 
a point east of And^ya curled back to the northwest existed for some time 
prior to launch and also continued in approximately the same location for 
a significant period after the launch. The positions of the magnetic field 
lines at 110 km which intersect the rocket trajectory at 150, 230 and 38O s 
are shown on the respective photos. As will he subsequently shown, I50 and 
230 s are the entry and exit times from the arc as determined from data 
gathered by the onboard charged particle and photometer instruments. The 
intensification of the arc in the vicinity of the trajectory seen in the 
24o s photo was not present in the photo taken at 150 seconds (at the time 
of entry into the arc). At that time the whole arc as seen by the all- sky 
camera was of nearly uniform intensity. The variations in Intensity in 
the 24o D photo developed to the east and drifted west in subsequent 
photos. After 34o s electron fluxes were again of sufficient intensity 
to create visual aurora. Ifote that during the flight the main arc is slowly 
moving southward. Tliis can be seen relative to the positions of the star 
Vega located just above the 3 in 230 in the middle photo, and just above 
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and to the right of the 0 in 3^0 in the hottom photo. The position of 
the northward form is also moving southward and the 3^0 o point falls 


within the emission recorded on the kho s photo, from scaling the all-sky 
photos, the average southward velocity of the main arc during the flight 
was a little ever 100 m/s while the southward velocity of the second arc 
was hetween 300 and 500 m/s. 

The launch occurred during the recovery from a large cuh storm over 
the northern regions of the Soviet Union (maxirauni negative AH at Tixie 
Bay had "been over 800y). Figure 2 shows magnetogram records from the 


magnetic ohsOrvatories at Tixie Bay, Dixon Island, Murmansk and Troms/, 
and from the range magnetometer at And/ya. The polar diagram in the 
upper right shows the positions of the stations in magnetic time -invariant 
latitude coordinates at the time of the launch (T ~ 0 line on the magneto- 
grams). The line from And/ya represents the horizontal range covered hy 
the rocket. Horizontal magnetic disturbances are shown for the Soviet 
stations. The horizontal disturbance at Troras/ was essentially zero. 

The horizontal disturbance at And/ya is somewhat anomalous in changing 
from southeast to northeast during the flight . There is no simple 
horizontal current system that can give this initial southward AX at 
And/ya with ‘Xroms/ zero and Murmansk southward. Local structure and/or 
field aligned currents must be involved. The conclusion is that the 
Harang discontinuity (see Maynard, 1974) must be in the vicinity of these 
stations at launch tme. Chen and Rostoker (1974) associated a negative 
ad extending from low to high latitude with the Harang discontinuity, 


a condition satisfied in the vicinity of 'froms/ ar«mnd the time 
and earlier at Murmansk. The earlier large p unitive nearer 


of flight 
1600 lours 
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ic associated with the westward travelling surge from the cuhstorm, 

Andj^iya is clearly positive in i^D through the flight. 

IV. On Board Photometer Measuremen ts 

Two narrow-hand tilt-filter photometers were mounted at 135 degrees 
to the rocket axis to look down on the aurora. The tilting motion of 
the interference filters caused the photometers to scan the two wave- 
length regions 6284 - 63IO and 4254 - 4286 a some five times every second, 

and the bandwidth of the filters was 6 - 7l> Hence, we monitor both 
, 1 ., 

01 (630OA) and Ng (4278^) emissions and the "background" emissions on 
adjacent wavelengths every 0.2 s. The onboard optical observations 
presented refer to intervals when the photometers were looking less than 
15 degrees off the geomagnetic field lines downwards , and the "background" 
emissions have been subtracted from the data. 

The rocket photometers detected a luminous region beginning near 
160 s, and passed the northern boundary of the auroral display near 220 - 
230 s. The "rugged" structure in the luminosity is partly caused by 
variations in the looking direction relative to the local geomagnetic 
field vector. These variations also introduce an uncertainty in the 
location of the auroral display. An offset of 10 degrees in the viewing 
direction relative to the geomagnetic field vector corresponds to an 
uncertainty of up to 15 s in the flight time near 150 s . 

The total intensity of the 4278 a band, corrected for filter band- 
width is 3 kR between 160 and 220 s. The total energy influx of 
precipitated electrons required to produce a 3 kR intensity is some 
20 erg cm"^ s"^ (Rees and Luckey, I974j Gustafsson and Egeland, 1976) 
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wMch is less than the data to he presented in Figure 4. Hiis is 
well within the absolute calibration errors of the instruiiientc , Ihe 
observed intensity of the 6300A line emission is around 1 kH, giving a 
6300I/4278A ratio of 0.3. As seen from Figure 3 fairly large variations 
in this ratio occur during the flight. According to Bather and Mende 
(1971) this ratio is normally 1-2 deduced from ground observation in 
the auroral sono. We therefore conclude that the main par+- of the 630‘iA 
emission is located above the rocket, i.e. above 230 ki» altitude, 

'Ihe maximum intensity, of about 3 of the 4278j5 band corresponds 
to 10 - lb kR of X 5577 a* I'he observed intensities from ground based 
photometers at Andenes were 1.2 iiR and 5 ,’?R, respectively. Since the arc 
was located at an elevation of 26 - 28° , the "true" intensity viewed along 
the field line may have been twice these values, in good agreement with 
the rocket data. 

V. Electron Measurements 

Detailed observations were made of the auroral electron fluxes over 
the energy range from < 0.1 to 16 keV using electrostatic-analyzer 
channel-multiplier detector systems. Fotu- individual detector units of 
a design similar to those described by Hoffman and Evans were 

flown onboard Polar 3* These detectors were mounted in pairs, one pair 
viewing upwards at 45° and the 'other pair downwards at 135° to the rocket 
spin axis. This mounting arrangement, together with the spin of the 
rocket, allowed electron pitch angle distributions to be measured erver a 
large range in angle, often from =« 0 to l8o° . 

Each detector in the pair was swept in energy through separate but 



r.verXapping enerijy rantjec. 'nie time required fyr an energy owcep was 
.131 0, iliiG tijEe oyupled with the roeket period allowed a complete 
lntensity‘*enorey“Pi-’teh angle data set to he gathered in 1«57 0. 

Tntercomparicons between the four detector respunses during those 
peri*)dc when all four saaipled electrons of the same energy and pitch angle 
within a time of 0,8 s showed agreements amongst detectors to within 1 Iti!', 
ilie uncertainties in the absolute flux values derived from the detector 
responses is estimated to be within ± from uncertainties in detector 
efficiencies, geometries and shape of the energy passbands, 

Figure ^ displays the total electron energy flux Incident upon the 
atmosphere during the flight. These values were obtained from a numerical 
integration of the data over pitch angle and from 0.^ to 16 key. Ihe 
detector responses were well above background at all times. 

The region of greatly enhanced energy flux between 150 s and about 
230 B defines the extent of the auroral arc sampled by this flight. A 
typical differential-directional electron energy spectrum taken above 
this aurora is shown in Figure 5. The spectrum is relatively flat over 
the energy range 0.6 to 7 keV, but falls sharply at higher energies. 

While there is no great evidence for a monoenergetic peak in this spectrum, 
the change in slope at 7 keV does demark a characteristic beaiii energy. 

It was also observed that over this aurora the pitch angle distribution 
of the precipitating electrons was isotropic to within a factor of 2 at 
all electron energies . We find no evidence of field aligned beams between 
0.1 and 16 keV above this auroral arc. 

It should be pointed out that the spatial variation in the electron 
precipitation as the rocket approached and passed over the auroral form 
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did not repx''^^)duce tlie inverted V pattern. Tiiere was no eharast eristic 
enerfjV variation in the electrijn ’beam over the spatial scalerj observed 
in inverted ?’c by satellite instrumentation (Frank and Ackernon^ 

Instead the electron precipJ.tation flux simply inareaoed iti the energy 
range 4 - 8 keV in a spatial scale size of kia. 

The scatter of data points seen in Figure 4 “between 24o and 270 s 
were due to a number of very short lived but intense electron events. 

The origin of these short lived events is unknown and their discussion 
is outside the scope of this paper. 

After 310 s into the flight., the ener^ flux carried by the electron 
precipitation once again began to increase^ reaching sufficient intensity 
to cause visual aurora at; about 340 s. In this region of precipitation 
the electron pitch angle distribution was moderately field aligned. Ttie 
nature of the electron energy spectrum (Figure 6), and the spatial scale 
over which the electron average energy monotonically increased all suggest 
that this precipitation was of the inverted V type. The payload re-entered 
the atmosphere at 390 s before the entire inverted V structure was traversed, 
A further discussion of the particle measurements j their effect upon the 
ionosphere, and detailed analysis of the electron, electric field, and 
ionospheric behavior in and near the arc is given in a oorrrpaii:! on paper 
(Evans et al., I976). 

■yr. Electric Field Measurements 

The electric field data presented here are from a tvj'O axis measurement 
utilizing the double probe technique (Aggson, 1909). The four long 
cylindrical antennas (each 10 feet long with the outer 2 feet conprising 
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active ptobe area) were directed at or 135 ® to the spin oxis in 
a plane containing the spin axis, The resulting haseliwe for the 
measurements is 5.8m on each axis. In this configuration as the vm¥M 
rotates, a new measurement of all three conponents of the electric fie 34 
is possible every l8o® of rotation. On each axis the resulting signal,?, 
over a spin period is made up of a sinusoid from a fraction of the spin 
plane electric field and a constant consisting of the sum of a fraction 
of the spin axis electric field and contact potential differences. This 
V can he ejqpressed hy 

V - [Egp Gos (l) sin (u)t + <^) + sin ( 1)3 ’d * - Y^g, 

where E (E0p + Egg^) is the vector sum of the ambient field and v x B, 1 
is the angle between the measurement axis and the spin plan^ m is the 

"4 

spin rate, t is the vector baseline, 0 is the phase of Egp in the spin 
plane, and Vqp and are the contact potentials. The angle 1 in practice 
will be less than 45® due to the centrifxigal bending of the antennas 
toward the spin plane. The expressions for the two axes will differ only 
by l8o® in 0 and in different contact potentials . 

The data from each axis were fitted by a sliding least squares 
technique (one spin cycle of data for each fit with l/8 cycle slide) to 
separate out the sinusoidal conponent from the constant conponent* A 
contact potential difference for each axis then had to be assumed and 
subtracted from the constant component . To construct an orthogonal 
3 component measurement at any particular time, the two conponents of the 
electric field along the theoretical measurement axes (at k'f to the spin 
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/y£iu) mm iiotopiiiine;! tlio leant ci^are« fit 4ata and aic^> 

f jX* p-tontial •iiffei’onean anl antenna lm\Ciur_,^ Tiie 


third nai ^•'’Dp-'nont wac 

field, n.eaenred few eaeh '»iis ' 
•lividini’i; the difference fey f- e ■* 


determined by ealaulatiij(>5 the eject rie 
in spin latter in the naKiO n;anner and 
d {ft?'). 


Attitwdo .-if the r-jchot wac rieaswed by a tryro0e.:>pe reference cycten:* 
A trancf**irjRati'-m matrix to convert from tr-p .-graphic ccordinatcc fc-- the 
rocket coordinate system was calculated and ucod to tranof-orm v k B, 


calculated from the tra,ject-,'ry (derived from tone ranging data) and a 
theoretical B (BOUO 6-68 model B), into the rocket eyotcm. After the 


vector subtraction of v < B from the measured components, the resultint^ 
electric field was then transformed back to topographic coordinates using 
the inverse of the gyro derived matrix. A farther transformation was m0.de 
into a magnetically oriented system in which the Z axis is down and along 
B, the X accis is perpendicular to Z and in a plane containing Z and the 
direction of the maximum horizontal component of B (approximately north), 
and the Y axis completes the orthogonal system (approximately east), 'fhe 
rotation of the XZ plane with respect to geographic north increases from 
1.4 to 3.6® west of north over the flight as the distance from Andjz^ya 


increases. 

Contact potentials were adjusted by minimizing variations mth periods 
of the spin period, 1/2 of the spin period, the precession period and l/2 
of the precession period from the resultant data. It was assumed that the 
contact potentials were constant or slowly varying so that they could be 
represented by constants or linearly varying functions over significant 
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portions of the flight. The resuXta^^t contact potentials are shown in 
Figure 7. Tiie amount of antenna tending was also checked using the same 
minimizing ci’iteria. A value for \ was set at kk° which indicated less 
than the es^ected amount of tending by about 2° . 


The electric field data are presented in Figure 8. All data are in 
the ifiagnetically oriented system described above, Tlie upper half shows 
tlxe total perpendicular electric field and its azimuth versus time. The 
lower half depicts all- three components. Hote that invariant latitude 


contc.urG ire canted in the topographic systeiu at an azimuth of ubuut Tf » 
Tims, in this system they will be canted ft between and Tf from north. 

Measurement errors stem primarily from imperfect knowledge of the 
direction of measurement of each eocis and of the contact potential 
differences. The 2 degree uncertainty in attitude when added to the 
uncertainties in v x B from the trajectory and model magnetic field 
translates to a 4 mV/rn uncertainty in the electric field. Much of the 
"fatness" of the trace of each component (variations at the spin frequency 
and its hs-rmonics) is from residual contact potentials. The effort to 
remove them was stopped after they were no longer the primary source of 
error. The scatter after 150 seconds in the azimuth of the perpendicular 
field is a result of the low magnitude of the resultant electric field 
with the above uncertainties' coupled in. 

The electric field is initially moderately large and variable 


60 mV/m) and directed northerly, perpendicular to contours of invariant 
latitude, Note in comparison of Figures 1 and 6 that the small drops in 
electric field correspond to small rises in particle flux intensity. Fear 


li?0 s, co3?respondent with the large increase in particle flux, the 
electric field drops abruptly to less than 10 mV/m. As the particle flux 
is reduced and the rocket passes out of the visual aurora at about 230 s 
a small increase in field magnitude occurs (the electric field tracks the 
Pedersen conductivity very welli see Evans et al,, 1976). late in the 
fll'-'at the direction of tie perpendicular electric field shifts to a 
nearly pure westerly direction. This was about the time that the rocket 
entered the second form. 

The direction of the electric field at each edge of the main arc 
was rotated toward the west by more than 20° from the northerly direction 
(nearly perpendicular to contours of invariant latitude) seen south of 
the arc, while in the central part of the arc the direction was again 
nearly perpendicular to contours of invariant latitude. Between the two 
arcs the direction was primarily the same as at the edges of the main arc, 
with a short period at the center of the expanse where the field returned 
to its initial northerly direction. 

■ ■ ■ 

The measured electric field parallel to B is at all times less in 
magnitude than i 4 mV/m. Since this is less than the uncertainties from 
t}v> attitude solution and contact potential variations, we conclude that 
there is no evidence of any parallel electric field. 

VII. Discussion 

A. Convective Topology 

In order to put these measxirements in perspective with patterns of 
con'/ective flow in the midnight zone, convective velocities are plotted 
every 10 s along the rocket trajectory in Figure 9* ‘fhe coordinates are 
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geographic with contours of invariant latitude at 110 hm included for 
r<“-ference. Also plotted is the po,sition of the lower border of the 
aurora as seen in the 240 s photograph shown in Figure 1 (the shaded 
■ai’ea does not define the extent of the arcj it only shows on which side 
of the lower border that the luminosity exists) . The trajectory points 
are the position of its field line at 110 1cm intersecting the trajectory 
at the specified time. The auroral lower border was also assumed to be 
at 110 km for this plot. In scaling the all sky photos, the magnitude 
of the look angles were calibra.ted using the star background. The position 
of the northerly part of the form is subject to large uncertainties due to 
the low inclination angle. Note, as stated previously the aurora moved 
southward during the flight and the northerly part of the form was entered 
at approximately 38O s. 

The observed convective flow is towards dusk or "sunward" from the 
northerly electric field direction consistent with the positive bay 
condition that was flown into (i.e. Heppner 1972; Wes cott et al, , I969; 
Cauffman and Gurnett, 1972). Near the end of the flight the rotation to 
the westward electric field or southward convection could have resulted 
from one of the following; (l) the boundary region separating the auroral 
zone from the polar cap was entered, (2) the boundary region separating 
the positive and negative bay regions called the Harang discontinuity 
(see Maynard, 1974) was entered, or (3) a local eddy structure which may 
or may not have been related to one of the above was entered. From 
comparing the magnetograms and the auroral morphology with the data, the 
most probable conclusion seems to be that the rotation is associated 
with the Harang discontinuity although the others can not he positively 


ruled out, Thus, -while the main arc is in the positive hay region, the 
curling hack of the arc would appear to he associated witli the Harang 
di scont inuity , 

B. Parallel Electric Bields 

The existence of field aligned potential drops an acceleration 
mechanism for auroral particles is widely accepted and models 
such occasiiUially liave been successful in reproducing measurod- auroral 
electron spectra (see Evans, 197^-i-). In what region and over what spatial 
extent these potential drops exist has been a primary source of controversy. 
In all of the Ba”^ release measurements both post and pre midnight, no • 
evidence of parallel fields in the ionosphere have been seen (i.e. Mende, 
1968; Wescott et al., 19695 Scholer and Haerendel, I971)# Large magnitude 
parallel electric fields (20 mV/m) have been deduced from double probe 
measurements on three flights into the post magnetic midnight region. In 
each case the authors invoUs anomalous resistivity arguments to prevent 
the ionosphere from collapsing. Two of these flights involved a single 
axis measurement in which a constant electric field was assumed along B 
for a "long" 100 s or more) period and the magnitude adjusted to remove 
precessional variations in the data (1, Moser and Bruston, I967, and Moser 
and Pahleson, 1970; 2. Kelley et al., I97I). The third flight involved a 
two axis measurement capable of resolving all three components every l/2 
spin cycle and detected a parallel field varying between 15 and 27 mV/m 
between 105 and 310 s and decaying to sero for the last 100 s of flight 
(Kelley et al., 1975). A Ba'*' release from the same rocket did not see a 
parallel field. All of these large parallel fields have been directed 
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downward, V?lialen et al, (19T*J) measured ion velocities in both direefci'ms 
ali-ng the magnetic field in a negative lay (at stiff erent times daring a 
flight) of 2 Iqn/s from which tliey deduced, using collision frequencies 
derived from Coulomb interactions , a parallel field- of 0*1 m¥/m. 

Tlie measui’ements reported here set an upper limit of ± 4 m¥/m on the 
D.C. parallel electric field durirUi flight, bince this is within the 
uncertainties of the measurement we find no evidence of large -magnitude 
parallel electric fields in the ionosphere below 242 hm. It should be 
noted that this flight was into a relatively stable positive bay auroral 
condition, 

C, Auroral Eleotron-Electric Field Relationships 

Although the detailed electrodynamical relationships between the 
auroral particles and the electric fields in this auroral arc >rill be 
treated in the con 5 )anion paper (Evans et al., 1976), two general points 
on these relationships need to be made here. First, a definite anti- 
correlation of particles and electric fields is observed dtiring this 
flights' passage over the strong discrete auroral form located inside 
the "sunward" convecting positive bay region (compare Figures 4 and 8), 
Such anticorrelation has been observed on many previous flights although 
it should not be escpected in all cases (see discussion in Maynard et al, , 
1973). 

Inverted V precipitation events have been associated with auroral 
arcs (Ackerson and Frank, 1972) and with electric field reversals at or 
near the 40 keV trapping boundary (Frank and Gurnett, 1971; Gurnett and 
Frank, 1973). Atiroral arcs have also been associated v/ith electric 
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field reversals (Swift and Gurnett, 1973)* A tendency to reverse the 
implications of these relationships has subsequently resulted: i.e. all 

auroral arcs are inverted V events, fhis is clearly not necessarily 
true as evidenced hy the present study. Burch et al. (1976) using AB-C 
satellite data have again associated inverted V events with electric 
field reversals from simward to antisunward convection or with regions 
of antisunvmrd convection (in the case of weah events). The second 
precipitation event observed in this flight having characteristics of 
an inverted V is located at the convection boundary that we are interpreting 
as the Hara,ng discontinuity. 

Thus, we conclude that auroral arcs totally iitimersed in the evening 
sunward convection region are likely not to be associated with inverted 
V structiires. Auroral arcs that occur on convection bo\mdaries, poleward 
of convection boundaries or in eddy structures associated with convection 
boundaries are likely to be associated with inverted V events. 



Aeknovrledf^roents 

Me gratefully acknowledge the efforts i>f T. Oerhardsoii In the design 
of the gyroscopic reference system and B. Karheim who integrated the 
rocket. We also acknowledge the financial support of the Boyal Ik^rweglan 
Council for scientific and Industrial Fessarch, the ffetioti'il Aeronautic"- 
and Space Administration and the National Oceanogra’^hic and AtmosT)heric 
Administration in this joint Norwegian-U.S. program. 


References 


At'-kerr.on, K. Lm and L. A. Prank, Correlated natelllte meaouroniento of 
lQ¥-enorgy precipitation and ground based observations of a visible 
auroral are, J. Geophys> Res ,, 77, 1128, 1972. 

Aggnon, f, L, , Rrobe measurements of electric fields in space, In 
Atmospheric Emissions , edited by B. M. McCormac and A, (Miolt, 
p. 305, Van Nostrand Reinhold, New York, 1969* 

Burch, J. L., S. A. Fields, W. B. Hanson, R, A. Heelis, R. A. Hoffman and 
R. ¥. Janetzke, Characteristics of auroral electron acceleration region 
observed by Atmosphere Explorer C, J. Geophys, Res ., in press, 197o* 
Cauffman, D. P., and D. A. Gurnett, Satellite measurements of high 

latitude convection electric fields, Space Sci. Rev ., 13 , 369, 1972, 
Chen, A. J., and G. Rostoker, Auroral-polar currents during periods of 
moderate magnet ospheric activity, Planet. Space Sci . , 22, 1101, 

1974 . 

Eather, R. H., and S. B, Mende, Airborne observations of auroral 
precipitation patterns, J. Geophys. Res ., 76, 17^6, 1971. 

Evans, D. S,, Precipitating electron fluxes formed by a raagnetic field- 
aligned potential difference, .7 . Geophys , Res . , 79 , 2853 197^+. 

Evans, D. S., N. C, Miynard, E. Maehlura, ,T. Trj^im and A, Egeland, Auroral 
vector electric field and particle comparisons; 2. Electro-ivnamics 
of an arc, to be submitted to J . Geoph?/s . Res . , 1976. 

Frank, L. A,, and K. L. Ackerson, Observations of charged particle 

precipitation into the auroral zone, J. Geophys. Res ., 76 , 3612, 1971. 



••S'- 


IVank, L. A,, and D. A. Gurnett, Distributions of plasmas and oleatric 
field over the auroral r^ones and polar caps, J, Geophys. Bes ., 76 

6829, 1971. 

Gurnett, D, A., and L. A, Prank, Observed relationsbips between electric 
fields and auroral particle precipitation, J. Geophys. Res ., 78, 

i 45 , 1973. 

Gustafsson, G., and A. Egeland, Auroral emissions in relation to low 
energy electron flux in tbe nigbtside auroral oval, J, Atmos, Terr , 

Biys . » 1976 (in press). 

Heppner, J. P., Electric field variations during substorms; DGO-6 
measurements, Planet. Space Sci ., 20 , 1475? 1972. 

Hoffman, R. A., andP, S, Evans, OGO-4 auroral particles experiment and 
calibrations, Goddard Space Flight Center preprint X-611-67-632, 1967. 
Kelley, M. C., P. S. Mozer, and U. V. Fableson, Electric fields in tbe 
nighttime and daytime auroral zone, J. Geophys. Res ., 76 , 6054, 1971. 
Kelley, M. C., G, Haerendel, H. Kappler, P. S. Mozer, and G, V. Pahleson, 
Electric field measurements in a major magnet ospheric substorm, 

J. Geophys, Res ., 80, 3l8l, 1975. 

Maynard, W. C., Electric field measurements across the Harang discontinuity, 
J. Geophys. Res ., ?§, 4620, 1974. 

Maynard, R. C., A. Bahnsen, P. Christopher sen, A. Egeland and R, Limdin, 

An example of anticorrelation of auroral particles and electric fields, 

J. Geophys. Res ., ?8, 3976, 1973. 

Mende, S. B., Experimental investigation of electric fields parallel to 
the magnetic field in the auroral ionosphere, J, Geophys. Res ., 73 , 

991, 1968. 


- 3 " 


Mozer, F, C,, and F, Bruston^, flRld meanurew<?ntn in the auroral 

ionus^t'rn, ,T. Seoi:^ya, R^s ., 1X09, 106?, 

M->zor, F. 0,, and ti, v, Fahlesonj Firallel and per|K‘ndi<'mlar electric 
fields in the auroral Ionosphere j Planet. Space Cel ,., iB , 1563s 197^* 
Bees, M, H., and D, luckey, Auroral electron energy derived frcai ratio 

of spectroscopic emissions. 1. Model computations, J. Geophys, Bes ., 19 , 

5181, 1974. 

Scholer, M. , and 0. Haerendel, Ambipolar diffusion alonf;:’ magnetic field 
lines in the presence of a current, Planet. Space Sei ., 19 , 275''^, 1971 « 
Swift, D, W,, and D. A, Gurnett, Direct comparison between satellite 
electric field measurements and visual aurora, J, Geophys. Res ., 78 , 

7306, 1973. 

Wescott, E. M. , J, D. Stolarik, and J. P. Heppner, Electric fields in the 
vicinity of auroral forms from motions of barium vapor releases, 

J. Geophys. Bes ., y4 , 3^t-69, 1969* 

Whalen, B. A., H. J. Versohell and I. B. McDiarmid, Correlations of 
ionospheric electric fields and energetic particle precipitation, 

J. Geophys. Bes ., 80, 2137, 1975, 


Figures 

Flf3urf‘ I - All-sky photos fvm the range at An<i^ shwiny, the 

aurora at 24o and 440 seconds into the flight. Tiie 
110 km inter aepts of the magnetic field lines which pass 
through the rocket at 150 and 230 seconds are shown on the 
middle photo and that of $8o seconds is shown on the bottcmt 
photo. 

Figure 2 - Magnetometer records from observatories at fixie Bay-j Dixon 
Island, Murmansk and Tromsj!$ and from the range at And^ya. 

The locations of the stations are shown in magnetic local 
* time and invariant latitude at the time of the flight in 
the polar plot at the upper right. The horizontal magnetic 
disturbances are shown also from the four observatories 
(zeros taken from quiet data). The line from Andj^ya depicts 
the horizontal extent of the trajectory* of Polar 3. 

Figure 3 " Onboard photometer records of the auroral intensity 

of the 01 (6300 a) and (4278 a) emissions. Time is in 
elapsed time from launch. 

Figure 4 - The rate of energy deposition into the atmosphere due to 
electron precipitation during the flight. These 
rates were corrected for backscattered electrons by using the 
responses of the downward viewing detector pair. 
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Figure 5 - A typical electron energy spectrum observed over the center 
of the auroral form. The precipitating energy 
flux associated with this spectrum was 4o.5 ergs cm"^ s""^ of 
which 7 ergs cm“^ s“^ was bachscattered from the atmosphere below. 
The scatter in data points is of the same scale as the line 
width. 

Figure 6 - Two electron energy spectra taken during the later part of 
the Polar 3 flight. The spectrum taken at 396*30 s has 
been displaced upwards for clarity. The shape of these spectra, 
the fact that the pitch angle distributions displayed a modest 
field aligned anistropy, and the monotonia increas«» m 
characteristic electron energy over a latitudinal distance of 
more than 50 km all suggest that the rather weak precipitation 
observed after + 310 sec was the low altitude signature of an 
inverted V, 

Figure 7 ^ The contact potentials in eq.uivalent electric field of each 
axis versus time which were subtracted to obtain the measured 
value of i + V X B. 

Figure 6 ~ The measured electric field as a function of time. The bottom 
half shows all three components of 1 in a magnetically oriented 
coordinate system (see text). The top half shows the total 
electric field perpendicular to the magnetic field and the 
azimuthal angle of the electric field vector from north in this 
system. 


Figure 9 - The topography of the ecnvectlon velocity derived from the 


electric field measurementa and the obeerved aurora at 2Uo s. 
The convection velo'^itlee are plotted every ten seconds from 
the projection along the magnetic field line of the rocket 
position to the 110 km level. The auroral lower border was 
assumed to be at llO km In the scaling from the all-sky 
cameras. The shading indicates only the side of the Ivver 
border to which the aurora exists and not the horizontal 


extent of the aurora. 
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